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FOREWORD

It has been nearly a half century since Vannevar Bush provided President
Franklin Roosevelt his visionary report on the future of science and tech-
nology. At the time that Science The Endless Frontier was published, the
Second World War, the driving force behind many scientific and engineering
accomplishments, had just ended and the United States faced fundamental
questions about the interactions of universities, industry, and government
in furthering science and technology. In Bush's words, "The government should
accept new responsibilities for promoting the flow of new scientific knowl-
edge and the development of specific talent. . . ." Science, Bush argued,
should serve society, and in turn, society should provide the financial sup-
port to assure the advancement of science, particularly basic research. Today,
with the end of the Cold War and the major fiscal challenges facing our na-
tion, we are again asking ourselves about the role of science in society.

Science is indeed an "Endless Frontier" each advance, large or small,
builds on those of the past and provides a foundation for the accomplish-

5



6 ENABLING THE FUTURE

ments of the future. No one can predict the future of science. As this report
points out, science is a voyage of discovery, and as Joseph Priestley wrote in
the late i7oos, "in completing one discovery we c.ever fail to get an imperfect
knowledge of othe:.s of which we could have no idea before."

No or.z. can accurately predict the future of science, but the collec-
tive ingenuity of scientists and engineers can be directed toward the challenges
facing society. In a sense, science can be the vehicle that drives us to the
future, but society must articulate the general direction in which it wishes
to go. This report suggests some practical approaches to linking science and
technology to the goals of our nation. We hope that these approaches will
help catalyze an ongoing discussion among scientists, engineers, and other
individuals throughout society about our long-term national goals and the
ways that science and technology can contribute in achieving them.

William T. Golden, Co-Chair
Joshua Lederberg, Co-Chair
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PREFACE

This report of the Carnegie Commission on Science, Technology, and Govern-
ment was prepared by its Task Force on Establishing and Achieving Long-
Term Goals and was adopted by the Commission at its meeting on June 30,
1992.. The members of the Task Force were:

H. Guyford Stever, Chair
Harvey Brooks
William D. Carey
John H. Gibbons

Rodney W. Nichols
James B. Wyngaarden
Charles A. Zraket

Senior consultants to the Task Force were:

David Z. Beckler
Richard N. Brandon
Willis H. Shapley
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8 ENABLING THE FUTURE

Staff to the Task Force were:

Alexandra M. Field, Program Associate
Mark Schaefer, Senior Staff Associate

The Task Force also wishes to thank the many individuals within and
outside of the Commission who commented on drafts of this report and
provided numerous thoughtful suggestions. In particular, the Task Force
appreciates the encouragement of David Hamburg, President of Carnegie
Corporation of New York, throughout the development and review of this
report. The Task Force would like to thank the various experts who reviewed
drafts of this report and offered suggestions and comments. These include
Frank Press, Robert White, Kenneth Shine, Richard Barke, Daryl Chubin,
Barry Gold, Lionel Johns, Stephen Merrill, and Daniel Sarewitz.

The Task Forcc is grateful to Jeffrey D. Porro for writing and editorial
contributions, to Jane Godshalk and Pamela Kulik for administrative as-
sistance, and to Bonnie Bisol and Maxine Rockoff.for guiding the produc-
tion and distribution process. Jeannette Aspden provided the group with
excellent editorial assistance throughout the publication process. The Task
Force would also like to acknowledge the helpful suggestions made by David
Z. Robinson and Jesse H. Ausubel.



EXECUTIVE SUMMARY

As fur the Future. ).our task is not to tiqe,;ee. but to enable it.
--Antoine de Saint-Exup6ry, The Ii isdom of the Sands

The end of the Cold War, the rise of other economically and scientifically
powerful nations, and competition in the international economy present great
opportunities for the United States to address societal needs: policymakers
may now focus more attention on social and economic concerns and less on
potential military conflicts. In the next decade and those that follow, the
United States will confront critical public policy issues that are intimately
connected with advances in science and technology. Policy decision making
will require the integration of numerous considerations, including accepted
scientific knowledge, scientific uncertainty, and conflicting political, ethical,
and economic values. Policy issues will not be resolved by citizens, scientists,
business executi,,,...s, or government officials working alone; addressing them
effectively will require the concerted efforts of all sectors of society. As Vannevar
Bush wrote to his 194 5 report to the President, Science.: The Endless Frontier:

Science, by itself, provides no panacea for individual, social, and economic
ills. It can be effective in the national welfare only as a member of a team,

9



I0 ENABLING THE FUTURE

whether the conditions be peace or war. But without scientific progress no
amount of achievement in other directions can insure our health, prosperity,
and security as a nation.'

The task force recognizes that many sectors of society contribute to
the setting and achievement of long-term science and technology (S&T) goals,
particularly the state governments and the industrial sector. Many policy areas
with which state governments have had decades of experience, such as trans-
portation, education, and agriculture, have come to the top of the national
policy agenda. Nearly every state has a science and technology policy advisor
or economic development program centered on science and technology, and
it is through the states that many of our national S&T policies are im-
plemented. L Even though the private sector is largely influenced by shorter
term economic forces, it still employs the majority of scientists and engineers
in the country and performs most of the nation's R&D. As a consequence,
industry plays an important role in establishing and achieving long-term
S&T goals.

Furthermore, we feel that it is important to recognize the role of
international cooperation and development in government decision making
in S&T. As discussed in a recent report by the Carnegie Commission, the
distinction between "domestic" and "foreign" goals for science and technology
is obsolete in the face of the explosion of global technology, information,
capital, and people. If they are to be forward-thinking, our policies must
now integrate national and international views.

With this consideration in mind, our report focuses primarily on
the role of the federal government in establishing and achieving long-term
S&T goals. It also suggests some ways in which current problems can be
managed and future issues can be identified and addressed. We discuss op-
portunities for opening the science policy process to a broader spectrum of
society by creating and institutionalizing a forum for exchanging ideas. We
also present mechanisms through which society and public officials can deal
with the inevitable and continuing conflicts in goal-setting.

VOYAGES OF DISCOVERY

Basic scientific research is a voyage of discovery, sometimes reaching the ex-
pected objective, but often revealing unanticipated new information that
leads, in turn, to new voyages. Some might say that setting long-range goals
may harm basic researchers by overcentralizing and removing flexibility from
the system. Long-range S&T goal-setting certainly should not hamper, but
rather encourage, this freedom to discover. Furthermore, goal-setting should
be a pluralistic, decentralized process.

13



EXECUTIVE SUMMARY II

The federal government is largely responsible for setting major goals
and broad budget priorities between and among major disciplines (for ex-
ample, biology and physics). It also plays a major role in setting priorities
within disciplines (for example, particle and solid state physics), and must
encourage the symbiotic combinations of differing fields (for example, bi-
ology and chemistry with respect to biotechnology products).

The relationships between scientific and technological advancement
and government support are complex, and the stakes in these decisions are
high, not just for scientists and engineers, but for society as a whole. Conse-
quently, a better understanding of the process of articulating goals, both
within and outside science, is vital.

THE CHOICE FOR AMERICA

We believe that America faces a clear choice. For too long, our science and
technology policies, apart from support of basic research, have emphasized
short-term solutions while neglecting longer-term objectives. If this emphasis
continues, the problems we have encountered in recent years, such as ero-
sion of the nation's industrial competitiveness and the difficulties of meeting
increasingly challenging standards of environmental quality, could overwhelm
promising opportunities for progress. However, we believe there is an alter-
native. The United States could base its S&T policies more firmly on long-
range considerations and link these policies to societal goals through more
comprehensive assessment of opportunities, costs, and benefits.

We emphasize the necessity for choice because there is nothing in-
evitable about the shape of the future: the policy decisions we make today
will determine whether historic opportunities will be seized or squandered.
American science could repeat its past successes: in the past three decades,
American S&T has helped eradicate diseases, reverse the pollution of many
of our rivers and lakes, reach the moon, launch the computer age, and spread
the Green Revolution around the world. We may be able to achieve a new
age of vitality and leadership in the world community. Or the problems of
recent yearssuch as the loss of technological and commercial advantage
to other nations, or our continuing dependence on foreign energy supplies
could prove irreversible. In short, the future is limited only by our ingenuity.
As Frank Press, President of the National Academy of Sciences, said recently,
"Without a vision of the future, there is no basis for choosing policies for
science and technology that will be appropriate for the years ahead."4

This report seeks ways to improve the knowledge, understanding,
and information available to the federal government on the long-term na-
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ture of the S&T enterprise as it relates to societal goals. As the government
goes about the complex annual process of setting budget priorities and de-
veloping program plans for the S&T enterprise, it could use this knowledge,
understanding, and information to ensure that both long- and short-term
objectives are taken into account.

The report focuses on an interconnected set of ideas that, if im-
plemented, would help accomplish this aim. The underlying theme of the
set of recommendations is an effort to improve the capacity of the federal
government to establish and achieve long-term S&T goals. At the core of
our report is the recognition that there are significant efforts already under
wa within the federal government, but departments and agencies must be
encouraged to direct more attention to long-term thinking. We describe the
activities of several units of both the executive and legislative branches of
government, recommend ways to strengthen their capabilities, and suggest
mechanisms through which long-range, strategic planning can help federal
departments and agencies fulfill their missions.

In addition to our recommendations directed to established govern-
mental units, we have proposed the creation of a National Forumon Science
and Technology Goals that would bring representatives of _the science and
technology community together with others from a broad set of fields who
are interested in societal activities that have major S&T components. The
Forum would work to identify ways in which science and technology can
contribute to the definition and refinement of societal objectives and to their
realization. Ultimately, it would try to articulate S&T goals, monitor efforts
to achieve them, and maintain sustained support for particular objectives
The Forum would also define and develop criteria in support of dynamic
goals such as the future needs of the several components of the science and
technology base basic research, generic technology, education and training,
research facilities, and information dissemination, to name a few in an effort
to ensure their long-term health.

Several key considerations underlie our recommendation for a Na-
tional Forum. The first is that a private forum must have long-term con-
tinuity in order to become an important contributor to federal policies. There
are inherently long lead times associated not only with goals but also with
the dynamics of major technological change. It is the mismatch between these
realities and more immediate economic and political concerns that must be
wrestled with. The second key consideration is the recognition that many
organizations exist., both within and outside government, that do some long-
term strategic planning. The Forum should make maximal use of these worth-
while efforts.

Furthermore, if the products of the Forum are to be useful, it must
have strong linkages to the executive and legislative branches of the federal
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government as well as the state governments. Finally, a balanced and effec-
tive interaction is needed between the scientific and engineering commu-
nities and those representing a broad range of other societal interests.

Our report does not address the issue of setting specific societal goals,
because we believe this is primarily a political process. We do list a broad
set of societal goals to indicate the general directions toward which S&T
should be applied. Most of our report is devoted to the process of estab-
lishing S &T goals; however, we do present some examples of S&T goals for
illustrative purposes.

RECOMMENDATIONS

Although this report touches on a number of gop.1-related themes, our recom-
mendations focus on a few key issues: improving our national capacity to
define and revise long-term S&T goals; linking S&T programs and goals more
closely and clearly to broader societal goals; and building more effective
linkages between governments (especially the federal government) and other
sectors of society in debating, articulating, and pursuing these goals while
assessing progress toward their achievement. To this end, we present a set
of interconnected recommendations. We believe that each recommendation,
in itself, is useful and should be implemented; however, the recommenda-
tions have been designed to support and strengthen each other and should
be viewed as a whole.

In developing recommendations in this report, we sought to iden-
tify mechanisms to bring the major sectors of society government, industry,
academia, nongovernmental organizations, and the public together to ex-
amine ways in which science and technology can be focused on achieving
the nation's long-term objectives. Centralization of planning is not the an-
swer, as the failures of command economies have demonstrated. However,
we badly need a focusing of national attention and resolve. We also need
to ensure that we are taking full advantage of the knowledge resulting from
our national research and development efforts as we work to achieve societal
objectives. Bridging the gap between research and policymaking is essential,
and the assessment process is an effective bridging mechanism that must
be used more frequently in the future as policymakers work to devise strate-
gies for achieving long-tange goals.

Throughout our work, we have been mindful of the great diversity
of processes that help define the direction of national policy. There is no
simple way to promote systematic long-term thinking about policy direc-
tions. For this reason we devote our recommendations to a variety of mecha-

',k



14 ENABLING THE FUTURE

nisms within and outside government to foster discussion and debate about
potential long-term S&T goals and the means of achieving them.

A nongovernmental National Forum on Science and Technology
Goals should be established to facilitate the process of defining, debating,
focusing, and articulating science and technology goals in the context of fed-
eral, national, and international goals, and to monitor the development and
implementation of policies to achieve them. The National Forum, as we en-
vision it, would be responsible for undertaking several key activities (see Box
6 on p. 50). The Forum would convene individuals from industry, academia,
nongovernmental organizations, and the interested public to explore and
seek consensus on long-term S&T goals and the potential contribution of
scientific and engineering advances to the achievement of societal goals.

The importance of the long term goal-setting task is matched by
the difficulty of carrying it out. For example, great diligence, fair-mindedness,
and imagination would be needed to ensure that the Forum did not become
either a vehicle for self-promotion by scientists and engineers or a venue for
lodging grievances arising from technological change. The goal-setting pro-
cess must involve individuals who have exhibited the ability to take a broad
statesman-like view of complex issues.

We suggest two options for administering the Forum: the National
Academies complex or a new, independent, nongovernmental organiza-
tion. Regardless of the option chosen, we believe that the activities of the
National Forum should be overseen by a Board of Directors responsible
for selecting the members of the Forum's Council. The Council should be
made up of representatives of a broad spectrum of our society who are
appointed for fixed length, rotating terms. The Board should ensure that
the Council is provided with the necessary institutional facilities, financial
management, personnel, and other administrative backing to carry on the
Forum's mission. We envision the Council as the leadership organization for
the Forum.

Congress should devote more explicit attention to long-term S&T
goals in its budget, authorization, appropriation, and oversight procedures.
Congressional support is key to the long-term productivity of science and
technology. Budget, authorization, appropriation, and oversight procedures
are complex and highly decentralized, and there are opportunities to im-
prove the ways in which Congress addresses S&T issues. We have not, how-
ever, focused too closely on these opportunities. The Committee on Science,
Technology, and Congress of the Carnegie immission will address these
issues in an upcoming report.s
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We believe that one of the most effective ways for Congress to con-
sider S&T issues in the longer term would be for the House Committee on
Science, Space, and Technology, which has responsibility for cross-cutting
science policy considerations, to hold a series of hearings, on an annual or
biennial basis, on long-term goals for science and technology. The purpose
of these hearings would be to step back from the budget process and near-
term political considerations and consider science and technology from the
long-term perspective. However, we also believe that each legislative com-
mittee in the House and Senate that has jurisdiction over major segments
of federal S&T activities should periodically, perhaps biennially, devote formal
attention to more specific questions regarding long-term S&T go2ls in its
area of responsibility.

Congressional committees could ask the appropriate federal agencies
and a full spectrum of responsible nongovernmental interests for their views
on long-term S&T goals, hold hearings, and issue reports embodying the
committees' conclusions. As the proposed Forum matures and gains public
confidence, the leadership of the Senate and the House of Representatives
may wish to develop mechanisms to use the Forum's output throughout con-
gressional S&T policymaking activities.

In order to provide Congress with the information, analysis, and
advice necessary to make policy decisions in this area, the Office of Tech-
nology Assessment and other congressional support agencies should evaluate
national efforts to establish and achieve long-term science and technology
goals in the context of societal goals. The support agencies should work with
congressional committees to consider what kinds of analyses of long-term
S&T goals would help inform their ltgislative agendas. OTA, in particular,
should apply its well-tested assessment process to analyzing long-term S&T
goals and the procedures by which federal agencies articulate and work to-
ward their achievement. The Congressional Budget Office (CBO), although
it has limited responsibilities for S&T policy, has considerable expertise in
economic analysis, which is an essential component of the goal-settingpro-
cess. CBO should put its expertise to use in evaluating economic considera-
tions with respect to long-range science and technology policy.

More specifically, we believe that CBO and OTA should establish
an ongoing coordinated activity designed to combine their strengths in
analyzing economics and science and technology in order to evaluate goals
and budget priorities for science and technology. Furthermore, because we
believe that interactive linkages are the key to solving complicated problems,
we suggest that OTA, with the cooperation of the other congressional sup-
port agencies, assist congressional committees and the congressional leader-
ship in reviewing and evaluating the products of the Forum.
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2i The Office of Science and Technology Policy (OSTP) and the
Office of Management and Budget (OMB) within the Executive Office of
the President should actively contribute to the establishment of federal science
and technology goals and should monitor the progress of departments and
agencies in attaining these goals. Establishing long-term goals and com-
municating them to the federal agencies is a process that must be conducted
separately from the annual budget process. With specific goals in mind, the
agencies can create a budget that balances their vision of the future with
the realities and constraints of the present.

OSTP and OMB should communicate long-term S&T goals tc depart-
ments and agencies before the beginning of the budget cycle eacn year. In
addition, both OSTP and OMB should work with these departments and
agencies throughout their budget-planning processes to assure that long-
term S&T goals are considered and advanced in theit internal policy-planning
activities.

OSTP should also monitor, critically evaluate, and report to the Presi-
dent and Congress on the progress of federal programs in achieving long-
term S &T goals. In particular, OSTP should function as one liaison point
between the National Forum and the Executive Branch. With OSTP leader-
ship, the Federal Coordinating Council on Science, Engineering, and Tech-
nology (FCCSET) should extend its promising efforts in shaping long-term
S&T goals involving more than one federal agency and emphasize the articu-
lation of specific long-term goals through a more explicit planning process.
Furthermore, the President's Council of Advisors for Science and Technology
(PCAST) should play a more extensive role in guiding the goal-setting pro-
cess within the Executive Office.

Federal departments and agencies should enhance their policy-
making efforts, integrating considerations of long-term science and tech-
nology goals into annual budgeting and planning efforts. Federal agencies
should enhance their strategic planning capabilities and develop explicit long-
term S&T goals in the context of broader national goals established by Congress
and the President. In order to do this, open communication and coopera-
tion among the senior R&D administrators of departments and agencies
should be encouraged. These individuals should meet periodically to discuss
longer-term objectives and ways in which their work might contribute to
or compete with broader goals and stated policies. If this approach proved
effective, it could become a more formal step in the policymaking process.
Furthermore, federal agencies should be required to present publicly each
year an analysis of how their planned activities relate to their long-range S&T
programs. Resource requirements to support the achievement of these goals
should be incorporated into annual budget plans.

1 X)



EXECUTIVE SUMMARY 17

In addition, we recommend that federal agencies support extramural
policy studies that can aid in developing and evaluating long-term S&T goals.
The National Science Foundation (NSF) should develop and monitor indi-
cators of the health and productivity of the science and technology enter-
prise and its contributions to societal goals. NSF should expand its competi-
tive grants program in science and technology policymaking and work to
involve scientists and engineers in the S&T goal-setting process. NSF, in con-
junction with OSTP and other federal agencies, should establish continuing
programs to develop the information base necessary to monitor progress in
achieving long-term S&T goals. Furthermore, the National Science Board
should assume greater responsibility for devising approaches to setting long-
term goals with respect to the S&T base.
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LINKING SCIENCE AND 'TECHNOLOGY
TO SOCIETAL GOALS

LOOKING TOWARD THE FUTURE

The end of the Cold War, the rise of other economically and scientifically
powerful nations, and competition in the international economy present great
opportunities to address societal needs as policymakers focus more attention
on social and economic concerns and less on potential military conflicts. In
the next decade and those that follow, the United States will confront crit-
ical public policy issues that are intimately connected with advances in science
and technology.

Knowledge resulting from basic research must be exploited to im-
prove the efficiency and effectiveness with which applied research and tech-
nological development are directed to societal goals. Policy decision making
will require the integration of numerous considerations, including accepted
scientific knowledge, scientific uncertainty, and conflicting political, ethical,
and economic values. Policy questions will not be resolved by citizens, scien-
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2.0 ENABLING THE FUTURE

tists, business executives, or government officials working alone; addressing
them effectively will require the coordinated effort of all sectors of society.

As President John F. Kennedy said, "Scientists alone can establish the objec-

tives of their research, but society, in extending support for science, must
take account of its own needs."

Our report focuses primarily on the role of the federal government
in establishing and achieving long-term S&1' goals; it also suggests some ways
in which current problems can be managed and future issues can be antici-
pated, identified, and addressed. We look to opportunities to open up the
science policy process to a broader spectrum of society through the institu-
tion of a forum for exchanging ideas. We also suggest ways in which society

can deal with the inevitable and continuing conflicts in goal-setting and make

reasoned judgments.

A CLEAR CHOICE

We believe that America faces a clear choice. For too long, our science and

technology policies apart, perhaps, from support of basic research have
emphasized short-term solutions while neglecting foresight and planning.
If this emphasis continues, the problems we have encountered in recent years,
such as erosion of the nation's industrial competitiveness and the difficulties
of meeting increasingly challenging standards of environmental quality, could
overwhelm promising opportunities for progress. We believe there is an al-

ternative. The United States could base its S&T policies more firmly on long-

range considerations and link these policies to societal goals through more
comprehensive assessment of opportunities, costs, and benefits.

We emphasize the necessity for choice because there is nothing in-
evitable about the shape of -.he future: the policy decisions we make will

determine whether the historic opportunities will be seized or squandered.
American science could repeat its past successes: in the past three decades,

American S&T has helped eradicate diseases, reverse the pollution of many
of our rivers and lakes, reach the mocn, launch the computer age, and spread
the Green Revolution around the world. We may be able to achieve a new
age of vitality and leadership in the world community. Or the problems of
recent years the loss of technological and commercial advantage to other
nations, or our continuing dependence on foreign energy supplies could
prove irreversible. As Frank Press, President of the National Academy of
Sciences, said recently, "Without a vision of the future, there is no basis for
choosing policies for science and technology that will he appropriate for the
years ahead."'
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LONG-TERM S&T GOALS

Science and technology alone are seldom, if ever, sufficient to achieve so-
cietal goals, but they ca.n play a major role when applied appropriately.
responsibility for pursuing long-term goals lies not only with the scientific
and engineering communities, which must better demonstrate that their
work is instrumental to the nation's goals,7 but also with government, indus-
try, academia, and the public, which all share an interest in the application
of S&T and the achievement of societal goals. Furthermore, we recognize
that even the most exciting and valuable S&T advances often have unintended
consequences, and that goal-setting must be approached responsibly. We
agree with the two principles that Bernadine Healy emphasized in her
testimony before the Subcommittee on Science of the House Committee
on Science, Space, and Technology regarding strategic planning processes:

First, there will be no finality to the strategic planning. It must be an ongoing,
living, breathing, growing process. This process must be capable of rapidly ac-
commodating new scientific opportunity and responding to . . . emergencies.
Second, the plan is not to be a rigid blueprint; rather, it will serve as a compass
to guide us in our course of discovery.

Finally, we believe that it is the process of articulating, refining, and
achieving objectives that is the key to any success, and that without this pro-
cess, goals can become rigid and outdated.

DEFINITIONS

An important first step in discussing long-term planning is agreeing on defini-
tions. We derived a set of definitions for the purpose of clarifying some of
the later discussions. Of primary importance to understanding this report,
we have defined long-term goals as objectives that can be achieved over a
period of to to so years or more, and near-term goals as objectives that can
be achieved in less than to years. Priorities, on the other hand, refer to near-
term resource allocations and policy objectives. Other definitions can be found
in Box i.

PAST ACCOMPLISHMENTS

A number of past accomplishments illustrate the importance of setting long-
term S&T goals. In the early 196os, President John F. Kennedy captured the
minds of Americans with his famous announcement: "I believe this nation



Box 1. Definitions

In our view, goals are projected ends. To achieve them requires assembling
and sustaining a manageable consensus on future objectives. The goal-setting
process depends on focusing, sequencing, and committing resources to a
vision of where we want to be some years in the future. We have defined
long-term goals as objectives to be achieved over a period of 10 to 50 or
more years, and near-term goals as objectives that can be achieved in less
than 10 years. Priorities, on the other hand, refer to near-term resource allo-
cations and policy objectives. Budget priorities attempt to order or position
objectives within a given framework of externalities. Thus, establishing goals
and assigning priorities are distinct but parallel processes. Annual or biennial
budget priorities should be set in the context of relevant near-term and long-
term goals.

It is useful to consider two major categories of long-term objectives:
directed and dynamic.

Directed goals aim to achieve particular, well-defined ends, such as mapping
the human genome or executing a manned mission to Mars,
Dynamic goals aim to achieve broader states or conditions that must be pur-
sued continually or maintained once they have been achieved. Examples include
optimal research facilities, an appropriate number of scientists and engineers
in particular disciplines, and a viable, well-coordinated federal environmental
R&D effort.

We have postulated a set of societal goals, those broader goals pur-
sued for the improvement of society or some sector of society. This set in-
cludes several types of objectives:

International goals, such as the worldwide eradication of smallpox, are those
goals derived and pursued by a number of nations in concert.
National goals are broad goals pursued mainly by one nation that derive from
a domestic consensus on "what is good for the country:' Securing and main-
taining energy independence is an example of a possible national goal.
National S&T goals are objectives of the nation's S&T enterprise; for example,
the development of an operational commercial nuclear fusion reactor by the
year 2040.
Federal goals are more specific objectives, guided by the political process at
the level of the federal government, that are established and achieved in order
to attain national and international goals. An example is the goal of maintaining
coal as a competitive energy source while meeting environmental, health, and
safety requirements (an objective of the 1991/1992 National Energy Strategy).
Federal S&T goals are objectives of federal research and development pro-
grams that are established to help attain federal goals. The demonstration of
a low-0O2-emitting coal-fired power plant by the Department of Energy is
an example of a hypothetical federal S&T goal.

Finally, we have followed the recommendations of a 1988 report by the
National Academy of Sciences (Federal Science and Technology Budget
Priorities: New Perspectives and Procedures)" in broadly defining the S&T
base to include not just personnel and facilities, but also the conduct of basic
research and the development of generic or capability-enhancing technol-
ogies. These activities, in addition to their support of substantive areas of
S&T that in turn support various societal goals, also directly advance the funda-
mental cocietal goal of increasing human knowledge and thus improving our
quality of life.
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should commit itself to achieving the goal, before the decade is out, of landing
a man on the moon and returning him safely to earth." Largely because of
the strategic political and military appeal of a contest with the Soviet Union,
a societal goal that would not command the same attention in today's polit-
ical and economic circumstances, an extraordinary national consensus was
achieved and tremendous scientific and technological resources were mar-
shalled to meet the challenge.

At the international level, the worldwide eradication of smallpox
demonstrates how a long-term S&T goal can be established and achieved.
In 1959, the Twelfth World Health Assembly resolved to pursue the goal of
global smallpox eradication. In the early years, there was little progress, as
natural and political problems took their toll and the difficulties of designing
and maintaining coherent international programs became clear. However,
in 1966 the World Health Organization committed itself fully to pursuing
the final eradication of the disease. By May of 1980, the World Health As-
sembly was able to declare that smallpox had at last been eradicated.9

Long-term goals need not be limited to well-defined endpoints
(directed goals) such as putting a man on the moon or eradicating smallpox,
nor must the course to achieving them necessarily begin with a public
pronouncement. Of special importance are the dynamic goals that aim to
achieve broader states or conditions that must be pursued or maintained
continually once they have been achieved. For many decades the United States
has worked to build a strong and resilient academic research and engineering
enterprise. From the early visions of Thomas Jefferson, to the "Endless Fron-
tier" described by Vannevar Bush, to doubling the budget of the National
Science Foundation in an effort aimed at preserving the gains of the past
zoo years and assuring the future, the nation has worked to build and main-
tain an academic infrastructure that is second to none. Nevertheless, many
feel that this infrastructure is showing signs of age and erosion. The dynamic
goal remains, but because of periods of inattention, we may be farther from
achieving it than we once were.

SCIENCE, TECHNOLOGY, AND SOCIETAL GOALS

It is not the purpose of this report to formulate societal goals nor to choose
between them. However, we do discuss broad, general goals to which S&T
can contribute. In Box 2. several such societal goals are grouped under four
general headings: quality of life, health, human development, and knowl-
edge; a resilient, sustainable, nd competitive economy; environmental quality
and sustainable use of natural resources; and personal, national, and inter-
national security.

2
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Box 2. Examples of Major Societal Goals to Which Science
and Technology Contribute

Quality of Life, Health, Human Development, and Knowledge

14 Education and diffusion of knowledge
Personal and public health and safety
Personal development and self-realization
Exploration and expansion of knowledge
High standard of living
Creation and maintenance of civic culture
Cultural pluralism and community harmony
Population stabilization

A Resilient, Sustainable, and Competitive Economy

Economic growth
Full employment and workforce training
International competitiveness
Modernized communications and transportation
International cooperation and action

Environmental Quality and Sustainable Use of Natural Resources

Worldwide sustainable development
Resource exploration, extraction, conservation, and recycling
Energy production and efficiency in use
Environmental quality and protection
Provisions for public recreation
Maintenance and enhancement of productivity of the biosphere
Maintenance of urban infrastructure
Energy security and strategic materials

Personal, National, and International Security

Personal security and social justice
National and international security
Individual freedom
Worldwide human rights

In the past, for most of the areas of endeavor we have considered,
the nation has been reasonably successful in establishing near-term S&T goals.
However, insufficient consideration has been given to establishing long-term
S&T goals and to linking them to societal goals in the context of changing
social values and proliferating technical choices and opportunities. Yet even
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when goals are established, efforts to monitor progress in achieving them
are often very limited. Long-term S&T goals are needed to provide a more
meaningful context for defining near-term S&T goals and for better assessing
the investment strategies required for their achievement.

By linking goals more closely with societal needs. necessary trade-
offs between different federal, national, international, and other S&T goals
for example, between short-term economic gain and long-term environmental
damage can be made more carefully and systematically. At present, the
mechanisms for making such trade-offs are haphazard, weak, and poorly
defined and are frequently inconsistent among different areas of activity. For
example, recent work has identified many areas where environmental im-
provement enhances rather than competes with economic development. i°
Creative use of technology can present new solutions that avoid a winlose
choice among equally valid goals and minimize the negative trade-offs.

An improved process of setting long-term S&T goals and incorporating
them into societal goals will allow us to maintain a balance between con-
tinuity and flexibility in our future policies. The goal-setting process should
never become so rigid that it cannot be altered by an unexpected breakthrough,
by disappointing results that downgrade the priority ofan area, by unforeseen
advances in scientific knowledge, or by a sudden change in international or
domestic politics. Linking S&T and societal goals is a dynamic, iterative, in-
teractive, and adaptive process. Societal and S&T goals influence each other,
and, once defined, they must be continually evaluated to determine if
modifications are necessary. Not all long-term S&T goals are necessarily de-
ducible from societal goals. Societal goals are heavily influenced by what
is technically feasible and by the identification of new societal problems and
challenges through research. There must be a continuous mutual adjust-
ment between societal and S&T goals. Progress results from the skillful
matching of societal problems that need solutions with scientific advances
in search of applications. Thus, goal-setting works best when bottom-upand
top-down strategies are pursued simultaneously, with wisely orchestrated in-
teractions between the two.

In the long run, our ability to work in the applied areas of science
and technology is dependent on the strength and quality of our S&T base
the human resources, facilities, and institutions that form the foundation
of our research and development enterprise." The supply of scientists and
engineers for the applications areas, and the fundamental scientific knowl-
edge on which they build, comes from the base (Box 3 lists the major com-
ponents of the S&T base). Educating and training a scientist or engineer
takes decades, from elementary school to postdoctoral training.'' Equipping
each successive generation of scientists and engineers with the latest research,
design, and measurement tools is demanding and time-consuming. Research
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Box 3. Major Components of the Science and Technology Base

General science and mathematics education
Scientific literacy of the public
Higher education in science, engineer..,, and the social sciences
Human resources (scientists, engineers, and technical personnel)
Facilities and institutions
Basic research and development of generic technology
Diffusion of scientific and technical information

breakthroughs do not spring forth out of nowhere but are preceded by de-

cades of gestation and the synthesis of knowledge from many sources and
technical disciplines. Microelectronics, for example, grew out of solid state
physics and chemistry, and biotechnology and genetic engineering evolved

from molecular biology and biotechnology.
Linking S&T goals more closely to societal goals will also help to pro-

mote a strong and resilient S&T base. Without a solid and continually evolving
base, the S&T enterprise cannot fulfill its role in advancing societal goals

that is, in enabling the future. This connection can work the other way, too.
Strengthening the link between the S&T base and societal interests can help
the public better understand how essential many activities of the S&T base
training scientists, modernizing research facilities, funding basic research,

and so forth are to the attainment of goals such as better health care, a
cleaner environment, and economic security.

The executive and legislative branches formulate policies, initiate

programs, and establish priorities for government activities, and they work

to establish favorable conditions for nongovernmental activities as well.
Normal political processes work reasonably well in this regard. However, we
believe that all sectors of society should contribute to a longer-term exami-

nation of the ways that science and technology can contribute to the achieve-

ment of societal goals. We also believe that such mutual examination may,
in the long run, be essential to public support for the S&T enterprise.

u '7
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SETTING S&T GOALS

VOYAGES OF DISCOVERY

Basic scientific research is a voyage of discovery, sometimes reaching the ex-
pected objective, but often revealing unanticipated new information that
leads, in turn, to new voyages. Some might say that setting long-range goals
may harm basic researchers by overcentralizing and removing flexibility from
the system. Long-range S&T goal-setting certainly should not hamper, but
rather encourage, this freedom to discover. Furthermore, goal-setting should
be a pluralistic, decentralized process.

The federal government is responsible for setting budget priorities
between and among major disciplines (for example, biology and physics).
It also plays a major role in setting priorities within disciplines (for example,
particle physics and solid state physics), and must encourage the symbiotic
combinations of differing fields (for example, biology and chemistry with
respect to biotechnology products). Conflicts sometimes arise in the attempt
to balance the researcher's freedom to discover, vital national needs, and the

2.7
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government's own responsibilities. A better understanding of the process of

articulating goals, both within and outside science, is needed.

GOAL-SETTING: A COMPLEX TASK

Goal-setting for both science and technology is a complex even daunting
task because the relationship between S&T goals and societal goals is neither

self-evident nor transparent. It often requires difficult trade-offs among goals

with different time horizons.
First, a balance between continuity and flexibility is essential. The

S&T base must be built and nurtured over long periods of time. Sponsors
must recognize the need to maintain support for fundamental research, be-

cause gaps in support for major components of the base can produce
detrimental effects in later decades. At the same time, they must also be

aware of the unpredictability of breakthroughs and must incorporate an ele-
ment of resilience and flexibility to accommodate changes as they occur.

Second, it is reasonable for sponsors to expect results in a shorter
time for directed research or development. Directed R&D is tied to specific
expectations of applicability shared by practitioner and sponsor and is based

upon the state of current knowledge.
Third, the amount of time required to produce usable results from

each category of research and development may vary among and within fields

according to the scope of the problem being addressed. For example, some

energy production technologies may take as long as so years to achieve
significant market penetration, while the dominant design of computer chips,

or the market penetration of video cassette recorders, personal computers,
and facsimile machines may occur in only a few years because of either im-
proved materials or better architecture.

Fourth, the expectation of success in S&T efforts always includes an

element of uncertainty. Prudent policy will often call for parallel pursuit
of alternative approaches to the same goal. Finally, long-term S&T goals must

be rationalized with other policy decisions, since they are intertwined with

societal needs.';

GOALS FOR SCIENCE, GOALS FOR TECHNOLOGY

It should also be remembered that goals for science differ from goals for
technology. Technological goals are usually linked to well-articulated social
purposes. Scientific goals, on the other hand, are frequently multipurpose,
exploratory, and primarily explanatory, contributing in multiple and often
dimly anticipated ways to many different long-term societal goals. Thus,
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different policy frameworks are required for science and for technology
and, indeed, for technology-driven science, as compared with science driven
by knowledge itself. Yet the innumerable feedbacks and cross-fertilization
between science and technology preclude sharp differentiation between them
because the relationship often evolves rapidly as new knowledge appears.
Hence, both the societal goal-setting and S&T goal-settingprocesses are highly
iterative and must he continually revisited by the scientific and policymaking
communities in collaboration.

THE CONTEXT OF GOAL-SETTING

This report focuses on explicit goal-setting in many contexts. Sometimes there
is a widely recognized problem that demands an urgent response, such as
a military threat, a widespread disease, or a perceived loss of U.S. leadership
in a critical field. A recent Carnegie Commission report noted, "American
commercial manufacturing leadership has eroded in many sectors particu-
larly the automotive, electronic, and semiconductor industries at the same
time that growth in the world technology base and the globalization of in-
dustrial activities have increased international economic interdependence."'4
Such situations require a clear articulation of national goals and more ag-
gressive policies to relate the science and technology enterprise to them.

Long-term goal-setting efforts may also be needed when existing pro-
grams an activities are not working effectively or are proceeding in different
or even conflicting directions. For example, despite more than two decades
of concern, the United States still lacks a coherent energy policy, and different
branches of government often seem to be working at cross-purposes. In such
situations it is necessary to seek a new consensus on a common set of long-
term goals toward which all parties can work cooperatively.

A third context, and perhaps the most difficult to respond to, relates
to situations in which important needs or problems are clearly seen by some
(for example, some part of the S&T community or a public interest group)
but are not universally recognized, and there is no consensus on the serious-
ness of the problem or on how to address it. The current question of how
to respond to predictions of global climate change may be an example of this.

THE PROCESS OF SETTING S&T GOALS

Since goal-setting is a dynamic process, we believe that policymakers must
analyze, identify, articulate, and ensure support for long-term S&T goals,
while remaining alert to the contingencies and surprises that may emerge
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along the way toward achieving them. Long-term S&T goals have been es-
tablish:xl by various groups in the past. However, such efforts have been
sporadic and inconsistent. Furthermore, goal-setting has rarely been followed

up by a sufficient effort to achieve consensus in support of these goals and
to monitor progress in achieving them.

TOP-DOWN OR BOTTOM -UP?

Policymakers must also be aware of the interrelationship between "bottom-
up" and "top-down" approaches to setting goals. Basic research in most fields

is largely initiated by individual scientists and engineers, with investigators

setting their own agendas and seeking funds accordingly, and grantmaking
or supporting institutions choosing among the requests. Much of the ap-
plied research and development, particularly that conducted by the private

sector, is "top-down" the agenda is determined by external criteria such as
political, social, or economic utility. As the Organization for Economic Co-

operation and Development recently concluded,

[The] bottom-up approach has not been entirely satisfactory: while choices
within a given area of science can be made on the basis of the quality of re-
search teams or proposals, there is no 'scientific' criterion for ranking the im-
portance of distinct fields. . . . But the top-down . . . approach has also proved
impracticable, not simply because scientific progress and its applications are
extremely hard to anticipate but also because the various fields of science do
not advance independently of one another, and the most significant break-
throughs often occur at the interface of two or more fields. In its internal struc-
ture, science is an ever changing complex system.'s

STAGES OF GOAL-SETTING

The process of establishing and achieving long-term S&T goals is rarely pre-

cise or orderly. At times it is opportunistic, at times reactive, and occasion-

ally it is based on true foresight and inspiration. The desired outcome of
the goal-setting process is not just the selection, definition, and articulation
of a goal. It also involves the success of the entire process, including testing
the goal through review mechanisms, building and maintaining a consensus
of acceptance, and securing sustained support for achieving it.'6

The process of goal-setting involves three major stages: articulation,
introduction, and implementation (see Box 4). In carrying out these steps
there are several fundamental considerations that deserve special emphasis
as guiding principles for establishing long-term S&T goals:

a



SETTING S&T GOALS 31

Box 4. Establishing and Implementing Long-Term S&T Goals

Articulation

1. Define the problems and decide whether the establishment and articula-
tion of long-term S&T goals would be a meaningful and constructive step in
addressing them. The stakeholders and interested parties should be iden-
tified and their views on the pertinent issues given full consideration.

2. If establishment and articulation of a long-term S&T goal appears desir-
able, formulate the proposed goal and subject it to rigorous review to deter-
mine if it is realistic, economically feasible, and achievable. Assess the goal
relative to other societal and S&T objectives and modify it if necessary.

3. Produce a statement clearly articulating the proposed long-term goal, in-
cluding an explanation of the problem and why it is important, the need for
actions over many years to address it, and the reasons for adopting the pro-
posed goal and for supporting the measures needed to achieve it.

Introduction

4. Publicize and debate the proposed goal and consider modifications to
strengthen it. Organize support for the proposed goal from stakeholders and
others whose support is required for adoption and achievement.

5. Introduce the proposal into the pertinent approval processes of to or-
ganizations whose acceptance, approval, or support is required.

6. Support the proposal in the various review processes, with modification
as necessary to secure approval.

Implementation

7. After initial approval, work to achieve and maintain support for the goal
over time.

8. Create new institutions and/or change existing institutions to achieve the
goal.

9. Reexamine the goal at suitable intervals for revalidation, modification, or
complete revision.

There should he a clear identification and understanding of the
broader goals to which the S&T goals and activities are intended
to contribute.

Long-term S&T goals should be realistic in terms of the possibili-
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ties and opportunities envisaged by the scientific and engineering
communities.
The mutually supporting functions of science and technology
should be recognized: science creates new knowledge that enables
new technologies, and new technologies, in turn, shape science.

Any potential negative effects of proposed S&T goals should re-
ceive careful attention, and the necessary tradeoffs should be clearly
identified (e.g., economic, social, and environmental costs and
benefits, complementary non-S&T measures required, alternative
ways of achieving the goals, and impacts on other goals).

The time frame and costs required to achieve long-term goals must
be defined and properly aligned with precursor near-term goals
and available resources.
Potential international implications of national S&T goals must
be given full consideration.
In order to achieve long-term goals, milestones and interim targets
should be established to aid in monitoring and evaluating prog-
ress. Such a continuous process is likely to lead to periodic revision
of both goals and the strategies to attain them. Without bench-
marks, milestones, and explicit targets, it is very difficult to mea-
sure progress, to establish budget priorities, or to take advantage
of experience.

Finally, once long-term goals are approved, explicit provisions
should be made for periodic reexamination of the goals and for
modification and even abandonment of them if changed condi-
tions warrant.

THE PLAYERS IN THE PROCESS

All major institutions in the science and technology communities whether
in federal or state government, industry, academia, or nongovernmental
organizations share the responsibility of ensuring long-term progress in their
fields. Government and industry, which support research and development
activit::..s in approximately equal proportion, have particular responsibili-
ties for strengthening the long-range vision of science and its applications
and for ensuring enlightened policies and practices designed to optimize
the contribution of science and technology to societal objectives. Further-
more, the U.S. S&T community chases responsibility with the S&T commu-
nities in other nations for articu ,Iting and working toward international
objectives.

3
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THE EXECUTIVE BRANCH

The executive branch, through its mission agencies, is responsible for directing
the federal R&D enterprise toward broad societal objectives. However, the
annual budget process dominates the policymaking process, and long-term
goals receive relatively little attention. Also, potential goals that may involve
several federal agencies are frequently overlooked because of the decentral-
ization of the policy planning process.

Office of Management and Budget

Over the past thirty years, a set of coordinating mechanisms has been created
within the Executive Office of the President to improve the direction of pro-
grams that cut across federal agencies. Although the primary responsibility
of the Office of Management and Budget (OMB) is overseeing the annual
budget process, a job that rarely results in systematic consideration of long-
term, interagency concerns, OMB does participate in executive branch deci-
sions to establish new goals or modify existing long-term ones.

Office of Science and Technology Policy

The original statute establishing the Office cf Science and Technology Policy
(OSTP), the National Science and Technology Policy, Organization, and Pri-
orities Act of 1976, mandates a central role for the office in achieving na-
tional S&T goals. It states that

the Congress declares that the United States shall adhere to a national policy
for science and technology which includes. . . . The continuing development
and implementation of strategies for determining and achieving the appro-
priate scope, level, direction and extent of scientific and technological efforts
based upon a continuous appraisal of the role of science and technology in
achieving goals and formulating policies of the United States and reflecting
the views of State and local governments and representative public groups),

OSTP was also expected to be a source of expert S&T advice close
to the President and his senior staff, an institutional device to ensure expert
involvement in both "science for policy" and "policy for science," and a frame-
work for addressing S&T issues that cut across agency boundaries. OSTP has
performed these several functions on a selective basis, addressing a limited
menu of issues and initiatives, but it does consider some long-term goals
in developing S&T policy, primarily through the activities of the Federal Coor-
dinating Council on Science, Engineering, and Technology (FCCSET), with
advice from the President's Council of Advisors for Science and Technology
(PCAST). In recent years FCCSET has devoted considerable effort to ar-
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ticulating certain presidential initiatives known as "Grand Challenges" and
to defining the role of S&T in meeting these challenges.

CONGRESS

Congress, like the executive branch, devotes most of its institutional energy
to addressing issues specific to the mission of particular agencies. The an-
nual budget process dominates the congressional agenda; hence, attention
to long-term S&T goals is relatively limited. Congress, however, has had a
long-standing interest in promoting the development of science policy in
the context of longer range considerations."

The Budget Committees

Within the legislative structure, the budget committees play a quasi-leadership
role in policy development, parallel to OMB's role for the executive branch,
shaping the spending priorities of different committees into a coherent
package. Their charge to set broad spending priorities and leave line-item
details to other committees tends to give them a longer-range perspective
and a greater awareness of issues that transcend the jurisdiction of individual
committees or agencies. Furthermore, since it is the responsibility of the budget
committees to examine tax and spending priorities in light of overall eco-
nomic conditions, they have an analytic basis for discussing long-term policy
implications. The authorization and appropriations committees occasion-
ally articulate long-term objectives. For example, environmental laws fre-
quently require that the federal agencies work to achieve specific goals.

Congressional Support Agencies

Congress relies on analysis and advice from the four congressional support
agencies: the Office of Technology Assessment (OTA), the Congressional Re-
search Service (CRS), the General Accounting Office (GAO), and the Con-
gressional Budget Office (CB0).'9 These agencies have varying degrees of
S&T expertise. OTA is most active in this area, devoting all of its resources
to science and technology policy issues. It undertakes studies and assessments
of the impacts of technology or technological programs as well as alternative
management programs. OTA also highlights areas where additional research

or data collection is required for better assessments.

je,
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THE STATES

The evolving role of state governments in developing, financing, and deploying
science and technology has roots as far back as the mid-I9th century. The
194os debate over the role of governments in supporting science and tech-
nology drew the states even more directly into the process of S&T policymaking,
as many of the societal concerns, such as agriculture, transportation, and
education, that were being impacted by science and technology were con-
sidered the responsibility of state governments. Recently, many of these
policy areas, with which state governments have had decades of experience,
have come to the top of the national policy agenda. Nearly every state
has a science and technology policy advisor or economic development pro-
gram centered on science and technology, and it is through the states that
many of our national S &T policies are implemented.' Any effort to estab-
lish long-term S&T goals should actively involve representatives of state
gove nments.

ACADEMIA

The academic sector provides unmatched reservoirs of the talents required
to suggest long-term S&T goals, analyze them, and help achieve them. At
present, with tensions running high about funding and other issues, there
is little cooperative effort devoted to effective goal-setting by universities,
government, and other sectors. Nevertheless, one institution, the Govern-
mentUniversityIndustry Research Roundtable (GUIRR) in the National
Academies complex, has helped explore the research community's goals, roles,
and responsibilities.

INDUSTRY

Industry employs the majority of scientists and engineers in the country and
performs most of the national R&D. Industry, almost of necessity, takes a
very short-term perspective in most of its activities. The technological goals
of the private sector are strongly influenced by macroeconomic forces, ranging
from tax policy to interest rates to consumer preference, as well as by other
forces, such as regulation and the court system. The primary concern of in-
dividual firms is thus not long-term national S&T goal-setting, nor linking
such SO goals into the network of broader societal goals. However, indus-
trial executives and R&D managers are an important resource that should
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be tapped during the process of attempting to articulate long-term national

S&T objectives.

NONGOVERNMENTAL ORGANIZATIONS

Scientists and engineers from the public as well as private sectors have formed

their own organizations to facilitate direct political participation and to en-

gage in forecasting the impacts of developments in S&T. Increasingly, these
nongovernmental organizations have sought to create committees or sponsor

studies on the subject of the interrelationship between science and technology

and societal needs. Professional societies and trade associations like the Amer-

ican Institute of Aeronautics and Astronautics, the Ecological Society of
America, and the Institute of Electrical and Electronic Engineers have devoted

attention to long-term S&T goals in their areas of interest. Given their ties

to the more active members of their professional communities, these groups
are in an ideal position to evaluate research needs in the context of societal
objectives and to discuss and develop long-term goals. This would bring di-

verse new perspectives, including those of individuals in the industrial sector,

into the goal-setting process. Environmental policy-oriented nongovernmental
organizations such as Resources for the Future, the World Resource Insti-

tute, and the World Wildlife Fund have established extensive networks with
individuals and organizations within the public and private sectors. Groups

such as these can play an important role in the process of articulating long-

term S&T-related goals.
The premier nongovernmental organization affecting S&T policy is

the National Academies complex, which includes the National Academy of.
Sciences, the Institute of Medicine, the National Academy of Engineering,

and the National Research Council. Most of the funding for the Academies

complr, is derived from governmental contracts for studies ranging from
narrow technical assessments to broad policy reviews. The expert panels oper-

ating under the umbrella of the National Research Council provide a widely

accepted vehicle for ascertaining the mainstream scientific consensus on tech-

nological issues and on public policy issues of high technological content.

INTERNATIONAL PLAYERS

Formally organized intergovernmental activities in science and technology,

such as those sponsored by agencies of the United Nations system, have proven

to be an effective mechanism for articulating and achieving certain long-

term international goals. The eradication of smallpox, for instance, could

4. J
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not have been accomplished without a tightly integrated, highly professional,
and robustly cooperative effort in which the United States was a committed
participant. Establishing and achieving this goal was facilitated by clear analysis
and a durable consensus on the importance of attaining global health objec-
tives through cooperative international efforts; the requisite expertise and
resources could then be brought to bear.

3 9
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THE NEED FOR LONGTERM GOALS:
SELECTED ILLUSTRATIONS

It is not the purpose of this report to argue in favor of any particular long-
term S&T goal, but to suggest ways of improving the process of setting
long-term S&T goals. We have identified twelve key policy areas (see Box s),
and have chosen four of these to illustrate the arguments made and concepts
introduced in earlier sections; they are therefore only heuristic, and should
not be construed as specific policy recommendations.

38

ENVIRONMENT AND NATURAL RESOURCES

Public interest in and support for efforts to maintain and improve environ-
mental quality have risen steadily over the past two decades. This concern
arises from societal interest in protecting public health and promoting the
conservation of key ecosystems needed to sustain the productivity of the bio-

40



THE NEED FOR " TERM GOALS 39

Box 5. Policy Areas That Would Benefit from the Articulation
of Long-Term S&T Goals

Environment and natural resources
Health and social welfare
Economic performance
Food production and distribution
Energy supply and utilization
National and international security
Basic and continuing education
Transportation
Public infrastructure
Telecommunications and information management
Exploration and expansion of knowledge
S&T base (including facilities and personnel)

sphere for human sustenance in the future, and from the desire to enjoy
the quality of life provided by contact with relatively unspoiled nature. Legis-
lation directed at the protection of the environment and natural resources
has proliferated rapidly, often expressing goals that outrun the current capacity
of science and technology. At first, national objectives focused on the local
environment and on the more visible forms of degradation such as smoke,
visibly polluted water, and unsightly landfills. However, this concern rapidly
expanded to embrace regional and eventually global environmental deteri-
oration, as well as more subtle forms of invisible pollution that could be
detected only with sensitive measuring instruments.

With the aid of increasingly sophisticated scientific and technolog-
ical tools, substantial progress was made in reducing both the visible and
some of the less visible forms of pollution, such as the particulate loading
of the atmosphere, the contamination of food and water by pesticides, and
dangerous waste sites containing toxic chemicals. Despite much progress,
growth in population and economic activity continues to cause degradation
of the natural resource base, including soils, water resources, fisheries, forests,
and the atmosphere. Although science and technology have so far helped
to minimize the depletion of reserves of mineral resources, or have led to
the development of substitutes or better recycling techniques, concern re-
mains about the future availability of so-called nonrenewable resources.

More recently, environmental issues that are truly global have risen
to the top of the public policy agenda. These include stratospheric ozone
depletion, the buildup of greenhouse gases, and loss of biodiversity due to
the accelerated extinction of species through the destruction of their habi-
tats. These threatened species not only enrich our cultural life, but some
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of them may prove indispensible to advances in agricultural productivity,

medicine, and industry.
In a world of sovereign nations, political institutions are only just

beginning to struggle with environmental issues, and science isonly just be-
ginning to come to grips with the complex interactions between the economy,
the environment, and the production and consumption of energy. LL Con-

crete political action is frequently inhibited by scientific uncertainties and
the resulting controversies over the urgency of immediate action. Some coun-

tries have worked actively to develop long-range environmental objectives

and programs to achieve them. The Dutch government, 1.:Nr example, has
devoted considerable effort to a long-range environmental policy plan.1

Science and technology contribute to efforts to address global en-
vironmental problems in three general ways. First, multidisciplinary research

can elucidate and help to anticipate changes in the natural environment.
it can do this through study of tl,e earth's climate and hydrologic systems,
biogeochemical dynamics, ecological systems and their dynamics, the earth's
past history, and all the complex interactions between human activity and
natural systems, including the determinants of population growth, energy
demand and supply, changes in land use, and industrial production and its
resource demands and residues. These are some of the objectives of the fed-
eral Global Change Research Program, a multiagency research program
initiated in 1990 and coordinated by FCCSET within OSTP.

Second, progress in science is indispensable in the detection and
monitoring of pollution, which, as we have indicated earlier, is less and less
amenable to detection by the unaided human senses. It is also essential for
quantifying and understanding the effects of environmental change on people,
which in turn is essential for setting pricrities for regulation and control of
environmental impact. We can no longer afford to do at once everything
that might be desirable or beneficial. We therefore increasingly need a more
rational means of selecting priorities than the latest newspaper headline or

an attention-getting environmental incident.
Third, new industrial and agricultural technologies information

technologies, biotechnologies, materials technologies, energy generation tech-
nologies and advances in end-use efficiency in the consumption of energy,
transportation and communication technologiescan lead to dramatic reduc-
tions over time in the amount of environmental deterioration per unit of
output of goods and other human amenities. Furthermore, reduction in en-
vironmental impact per unit of output often leads to improvement in labor
and productivity as well. To permit sustainable economic growth and wel-
fare improvement, however, requires the continual, and indeed accelerating,
production of new knowledge and its rapid diffusion and application in every
industrial sector and in the public infrastructure. But constant iteration be-

4
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tween scientific findings, the social agenda, and the scientific research agenda
are required to make this happen.

There are a number of successful historical examples of goal-setting
in the environment and natural resources area, leading to establishment of
linked S&T goals. A recent example is the goal in the Montreal protocol of
total phaseout of CFCs, halons, and carbon tetrachloride production by the
year zoo° in industrialized countries and by the year zoio in developing coun-
tries. This international treaty has already resulted in aggressive action by
industry worldwide to introduce economically and environmentally accept-
able substitutes for CFCs. Some of the development work in industry and
elsewhere has anticipated the actual formalization oftargets. The task force
believes that similar goal-setting is possible and desirable in other areas of
environment and natural resources policy. While targets and dates have a
certain amount of public appeal, which can help focus effort, they may carry
an implication that, once achieved, the work has been done and efforts can
thereafter be relaxed.

Scientific and professional societies can do much to establish goals
for progress in their own disciplines that are tied to long-term societal goals.
Some efforts have been made over the last two decades, but the goals should
be clearly articulated and updated periodically to account for achievements
in other disciplines.

The Ecological Society of America recently undertook an organized
effort to devise ecological research goals and priorities in the context of na-
tional and international environmental objectives. According to its authors,
the Sustainable Biosphere Initiative (SBI) "is intended as a call-to-arms for
all ecologists, but it also will serve as a means to communicate with individ-
uals or other disciplines with whom ecologists must join forces to address
our common predicament "' -4 The SBI presents a vision for the future of the
ecological sciences and sets priorities for the acquisition of ecological knowl-
edge, communication of this knowledge to the public and decision makers,
and incorporation of this knowledge into policy and management decisions
in government, industry, and other institutions. SBI has already met with
success, moving forward from the concept stage into an active and growing
project office. This initiative on the part of ecologists to think about and
plan their future activities in the context of national needs and the activities
of other scientific disciplines servesas a useful model for other scientific and
engineering organizations.

Another forward-looking effort is under way in the federal govern-
ment. The new Future Studies group within the Office of Policy Planning
and Evaluation of the Environmental Protection Agency is charged with iden-
tifying and examining alternative futures of society, exploring the environ-
mental impacts and implications of these futures, including these implica-
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tions for research needs, and examining policy options for risk reduction and
management for the different scenarios. Furthermore, to ensure access to a
full range of perspectives, the group is seeking the views of a large number
of forward-thinking experts in both the public -ind private sector. We feel

that this program should be closely monitored as a potential model for par-

allel studies by other agencies.

HEALTH AND SOCIAL WELFARE

The health of the American people, as judged by life expectancy, has been
improving since the turn of the century. Initial improvements in longevity
primarily reflected diminished mortality from infections and were largely

attributable to improvements in sanitation and nutrition and to the devel-

opment of effective vaccines. Sulfonamides, penicillin, and other antibiotics
contributed to a further decrease in death rates. In recent years, increases

in life expectancy have resulted primarily from reductions in cardiovascular
death rates from stroke and coronary artery disease. These improvements
reflect control of hypertension, a deLicase in the prevalence of smoking,
decreases in the intake of fats and cholesterol, better weight control, and
healthier lifestyles. There have also been substantial reductions in death rates
from certain types of cancer, owing to improvements in surgery, radiation,
and chemotherapy. Unfortunately, increases in lung cancer due tosmoking
have approximately canceled out the successes with other forms of cancer.

The ability to intercede successfully in an ever-increasing array of

diseases results in no small part from our success in pursuing long-term na-
tional and S&T goals that are often implicit in the public support of bio-
medical research, which is administered primarily through the National In-
stitutes of Health (NIH). Since the early 195os, the NIH budget has shown
steady real growth, increasing by more than 40 percent in the 198os. Histori-
cally, this growth has been an expression of societal interest in improving
personal and public health. Li In the last decade, support for life science re-
search has also begun to reflect national interest in U.S. economic competi-
tiveness in the global biotechnology industry (the products of biotechnology,
of course, have applications in agriculture and animal husbandry as well as

in the diagnosis and cure of disease). The investment in the foundation of
basic biomedical knowledge has been the key to our ability to plan system-
atic attacks on newly identified health problems such as AIDS.

However, despite U.S. leadership in virtually every aspect of biomedical
science, its clinical applications, and the underlying basic science, there is
growing dissatisfaction in the country with our inability to deliver its benefits
to all our people, and with the rapid growth of the burden placed on the

A A



THE NEED FOR LONG-TERM GOALS 43

U.S. economy by health care costs, a burden not borne by many other coun-
tries with which we compete in the world marketplace.

There is a mismatch between the long-term societal goals necessary
for our society's well-being in the List century andmany of the present scientific
goals of the research. The implications for biomedical research of a new so-
cial goal of cost-effective and equitable health care delivery to the entire U.S.
population have not yet been carefully analyzed. Undoubtedly, one impli-
cation is much more emphasis on the understanding of social and behavioral
factors in health status, and the methods by which individuals can be per-
suaded to take a greater responsibility for their own health. Another may
be intensification of the search for preventive technologies.

Recently, NIH, under its director, Bernadine Healy, has put consid-
erable effort into developing a strategic plan for the institutes. The goal of
the plan is to develop a vision that transcends immediate concerns and en-
sures the future strength and vigor of biomedical research. In developing
its plan, NIH has been aware of the importance of flexibility, and has sought
to develop a strategy that neither imposes rigid timetables nor relies on predic-
tions about the future. Instead, it creates a framework for cohesive thinking
and for successful preparation for the future. Furthermore, NIH has sought
active participation of the extended biomedical community as well as the
public in shaping and implementing the plan. The process is only in its early
stages, but it is a bold step forward, consistent with the themes of this
report. L6

This section of our report is entitled "Health and Welfare" rather
than just "Health." This is deliberately intended to suggest the intimate re-
lationship that exists between health and social welfare, and the need for
this relationship to be better incorporated into the long-range research goals
that include health.

ECONOMIC PERFORMANCE

"Economic performance" covers a wide variety of important .,ocietal goals
and associated policy areas. The Carnegie Commission recently released a
report on the role of science and technology in enhancing economic perfor-
mance. L7 Long-term goals in these areas are mostly what we have defined
as the dynamic or continuing type, such as maintaining a good rate of per
capita economic growth, a strong international competitive position, and
employment security. Although the goals tend to be formulated in national
terms, they are actually international in nature because of the growing inter-
dependencies in the world economy. U.S. economic performance depends
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to an increasing degree on the performance of the world economy, including
the growth of markets in the Third World.

Economic performance goals vary widely in the degree to which S&T

can be expected to contribute to their realization. The overall performance
of the economy, in both the near and long term, is critically dependent on
fiscal and monetary policies and on initiatives and decisions of our industry
and business leaders and their foreign competitors, many of which concern
the creation, acquisition, and the deployment of technology. In the words

of a 1987 report for NSF by the National Governors' Association, "one area

of consensus is that U.S. investments in research and education will be crit-

ical in the long-term as the United States seeks to maintain and improve
its competitive position in the world economy "='

GOAL-SETTING IN THE PRIVATE SECTOR

Establishing specific directed goals in science and technology to enhance eco-

nomic performance is, in the U.S. economic system, a major function of in-
dividuals and organizations in the private sector. This goal-setting neces-
sarily takes place in the context of decisions on overall business strategy, in

which the cost and prospective benefits of the S&T activities are only two

of many factors. The many uncertainties in forecasting future economic,
market, regulatory, and competitive positions tend to force an emphasis on

near-term goals and to militate against major commitments to long-term
goals (at least in the U.S., though this is much less true in Germany and Japan).

FEDERAL S&T GOALS AND ECONOMIC PERFORMANCE

Long-term federal S&T goals linked to national goals can make significant

contributions to the nation's economic performance. For example, during
World War H, significant funds were devoted to the development of radar
and computational capabilities. The outcome of pursuing these goals has

had a profound impact on the economy in the ensuing decades. The com-
mitment to the advancement of aeronautical science and technology em-
bodied in NASA's programs reflects the acceptance since the establishment
of the National Advisory Council for Aeronautics (NACA) in 1915 of a na-

tional "dynamic" goal of continuous advancement of aeronautical S&T for

the benefit of U.S. civil as well as military aviation. Similarly, federal support
of the d---' _.timent of nuclear energy was designed to support the devel-
opment of an important new source of energy and to promote the develop-
ment of a strong and competitive nuclear industry. Most recently, there have

been a number of initiatives within the federal government, most notably
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the legislated Critical Technologies Institute, to identify emerging critical
technologies and to support their development.

We believe that careful further study is needed to identify S&T areas
of special significance for economic performance in which establishing long-
term federal goals is desirable. What areas of S&T warrant the establishment
of major federal undertakings comparable to those in aeronautics and nu-
clear energy? What should our long-term S&T goals in these areas be? Are
there significant gaps in the range of generic technology programs now sup-
ported by government and private consortia? Do the existing programs need
more clearly defined long-term goals?

STRENGTHENING THE U.S. MANUFACTURING BASE

Finally, we note that one area that appears to deserve special attention is
manufacturing technologies that can make U.S. industries more efficient and
thus more competitive in world markets. The new high-technology indus-
tries require not only large research and development investments but also
massive capital investment in plant facilities. To sustain profits, these indus-
tries must use superior process technologies and flexible manufacturingsystems
that involve high fixed costs and rapid innovation cycles. The U.S. manufac-
turing base is weaker than its foreign competitors' in the automobile, semi-
conductor, and consumer electronics industries, and stronger in the aerospace,
computer, chemical, and pharmaceutical industries. In general, the U.S.
manufacturing base requires continued strengthening through the modern-
ization of facilities and the injection of new technologies, capital, and trained
people. This is in large part ensured by the workings of the marketplace,
but federal and state economic policies also have a role to play.

To strengthen the U.S. manufacturing base, long-term S&T goals
especially federal goals must emphasize creation of generic technologies,
diffusion of knowledge throughout the U.S. industrial economy, and sup-
port for basic research in universities and industry. Examples of generic or
capability-enhancing technologies include computer-based tools for auto-
mated design, nondestructive test methods, software engineering tools,
materials characterization and synthesis, and semiconductor manufactur-
ing processes.

THE S&T BASE

The task force agrees with the 1988 study by the National Academy of
SciencesL9 in its recognition that the maintenance of a robust, resilient S&T
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base is a sine qua non if scier e and technology are to fulfill their potential
for contributing to societal goals. A good deal of the knowledge needed for
achieving societal goals is not acquired with these goals explicitly in mind;
rather, it is the result of efforts to answer questions posed within science.

CONFIGURATION OF THE S&T BASE

The S&T base should be configured to foster individual creativity, to permit
the organization of large-scale team efforts when necessary, and to focus at-
tention on practical applications and generic technology development as well
as on basic research. Its various elements in government, universities, and
industry must be linked by effectie communications networks and under-
pinned by healthy facilities and institutions. It should also provide for con-
tinual regeneration and revitalization through a constant supply of well-trained
younger scientists, engineers, and technicians. Only with such a robust, re-
silient S&T base can both the predictable advances and the unexpected break-
throughs in science and engineering be integrated effectively into organized
efforts to achieve national and societal goals.

A fundamental question that the nation must address is the size
and general composition of the S&T base that should be maintained in fed-
eral agencies, universities, nonprofit organizations, and industry. Should our
goal be to maintain or expand the present base or to find the least damaging
ways of contracting it to conform to probable future budget constraints?
Should our goal be equalization of geographic distribution or concentration
of resources in a mere limited number of centers of excellence?

SCIENCE, ENGINEERING, AND TECHNICAL PERSONNEL

Specific long-term goals are essential with respect to scientific, engineering,
and technical personnel. Balancing the demographics of supply with realistic
forecasts of demand is a major challenge. Recent studies indicate that the
United States is lagging behind other nations in Ki2_ science and mathe-
matics education. If this is allowed to continue, not only will the result be
a scientifically illiterate public, but the number of young scientists and engi-
neers entering the pipeline could be affected. 3°

Long-term S&T goals are also needed with respect to R&D facilities
and institutions. For example, the absence of clearly established policies and
long-term goals with respect to the maintenance and modernization of re-
search facilities in our universities has led to a confused situation in which
universities are increasingly turning to direct political action to secure funding
through congressional earmarking.
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BASIC SCIENCE AND GENERIC TECHNOLOGY

In the case of basic science and generic technology development, where appli-
cations to specific societal goals are not clearly foreseen, the establishment
of long-term goals may not be necessary or helpful the unfettered, curiosity-
driven imaginations of scientists and engineers may best be left alone.

But long-term goals may be important in at least two situations. When
specialists conclude that significantly greater progress can be made through
the coordinated efforts of many scientists, a clear articulation of the long-
term goals towards which all should work may be crucial. The human ge-
nome project may be an example. Establishment of long-term goals in basic
science may also be necessary in fields where research facilities are limited
or very costly; planetary exploration and high energy physics are examples.
If the long-term S&T goal is only to increase knowledge, goal-setting may
be left to the scientific and technical specialists. However, if other S&T or
national goals become significant factors, a broader community must be in-
volved in the process.

THE ROLE OF A NATIONAL FORUM

We have presented these case studies merely to illustrate the kinds of issues
that a National Forum on Science and Technology Goals could address; they
are neither recommendations nor examples of the products of a Forum pro-
cess. As these four illustrations suggest, the policymaking process would benefit
greatly from a broader discussion of future directions for science and tech-
nology and a cleat articulation of long-term goals and the resources required
to achieve them.
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RECOMMENDATIONS

While this report touches on a number of goal-related themes, our recom-
mendations will focus on several key issues: improving our national capacity
to define and revise long-term S&T goals, linking S&T programs and goals
more closely and clearly to broader societal goals, and building more effec-
tive linkages between governments (especially the federal government) and
other sectors of society in debating, articulating, and pursuing these goals
while assessing progress toward their achievement. To this end, we have put
forth a set of interconnected recommendations. We believe that each recom-
mendation, in itself, is useful and should be implemented; however, the
set of recommendations should be viewed as a whole, as they have been de-
signed to support and strengthen each other.

In developing our recommendations, we have sought to identify mech-
anisms to bring the major sectors of society government, industry, academia,
nongovernmental organizations, and the public together to examine ways
in which science and technology can be focused on achieving the nation's
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long-term objectives. Centralization of planning is not the answer, as the
failures of the command economies have demonstrated. However, we badly
need a focusing of national attention and resolve.

Throughout our work, we have been mindful of the great diversity
of processes that help define the direction of national policy. There is no
simple way to promote systematic long-term thinking about policy direc-
tions. For this reason we devote our recommendations to a variety of mecha-
nisms within and outside government to foster discussion and debate of poten-
tial long-term goals and the means of achieving them. Within the federal
government, we propose mechanisms for institutionalizing long-term S &T
goal-setting as an inherent part of the congressional and executive branch
S&T policymaking processes. Outside government, a common theme of our
recommendations is the involvement of all sectors of society and the citizenry
in an ongoing dialogue on future directions for science and technology in
the context of societal needs and aspirations. We believe that the National
Forum on Science and Technology Goals, as described below, would be a
useful mechanism for achieving consensus among various sectors of society
on future directions for science and technology.

NATIONAL FORUM ON SCIENCE AND TECHNOLOGY GOALS

A nongovernmental National Forum on Science and Technology Goals
should be established to facilitate the process of defining, debating, focusing,
and articulating science and technology goals in the context of federal,
national, and international goals, and to monitor the development and im-
plementation of policies to achieve them. The National Forum, as we en-
vision it, would be responsible for undertaking several key activities (see
Box 6). The Forum would convene individuals from industry, academia, non-
governmental organizations, and the interested public to explore and seek
consensus on long-term S&T goals and the potential contribution of scientific
and engineering advances to societal goals.

Because of the difficulties of defining societal goals, it may be desir-
able to consider a preliminary function for the Forum to be the identification
and assessment of the explicit and implicit long-range objectives and goals
of federal research and development as revealed by annual budgets. This
would show which R&D efforts lack clear long-range objectives and which
are based on faulty assumptions; it would point out specific requirements
for long-term goal-setting in order to resolve ambiguities and provide better
direction.

We further believe that the Forum should focus its attention ini-
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Box 6. Key Activities of a Proposed National Forum on Science
and Technology Goals

Assemble a broad-based and diverse group of individuals who are both
critical and innovative, and who can examine societal goals and the ways
in which science and technology can best contribute to their achievement.

Conduct or sponsor discussions with individuals representing a diversity
of perspectives on future directions for our nation and the role of science
and technology in meeting alternative societal goals. Conduct or sponsor
analytic and background studies. Consider the tradeoffs involved in working
toward particular goals, including competition for funds and personnel, and
the possibility of negative impacts on other goals.

Articulate and propose specific long-term S&T goals in both national and
international contexts, and identify milestones in achieving them.

Encourage efforts by the media to improve public understanding of and
participation in the process of establishing S&T goals.

Identify and evaluate promising breakthroughs in basic research and new
technologies to ensure that they are taken into full account in the formulation
of societal and S&T goals.

Communicate the products of the Forum's work to those who directly in-
fluence the direction of science and technology policy, including the execu-
tive and legislative branches of the federal government, key officials in all
state governments, and key executives and research directors in industry and
universities.

Monitor and report on progress and problems in achieving long-range S&T
goals and on the contributions of S&T to societal goals.

Periodically examine S&T goals in the context of new developments in
science and technology or changing social, economic, or political concerns.

tially on goals in two or three policy areas (taking into account the health
of the S&T base in achieving these goals). We recognize that certain topics,
particularly those dealing with issues of national and international security,
do not lend themselves easily to an open forum process. Fortunately, there
are already mechanisms in place that focus on long-term issues in the secu-
rity area. The Forum will be able to consider some of these issues and work
with appropriate organizations to bring the benefit of a forum process to
the defense R&D policy area.

It would be essential for the Forum, as we envision it, to have
numerous links to the federal government, links designed to enhance corn-
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munication without placing the Forum within the official hierarchy. This
would put the Forum in an ideal position to critique the budgets of depart-
ments and agencies periodically, perhaps annually, focusing on the extent
to which they consider long-term goals and act to advance them. Another
objective of the Forum would be to define and develop criteria in support
of dynamic goals such as the future needs of the several components of the
science and technology base basic research, education and training, and
information dissemination, to name a few in an effort to ensure their long-
term health. This is especially important because the S&T base is the foun-
dation of future scientific and engineering advances.

The importance of the long-term goal-setting task is matched by
the difficulty of carrying it out. For example, great diligence, fair-mindedness,
and imagination would be needed to ensure that the Forum did not become
either a vehicle for self-promotion by scientists and engineers or a venue for
lodging grievances arising from technological change. Many institutions could
contribute directly to the Forum's activities. The National Academies com-
plex, the congressional Office of Technology Assessment, the White House
Office of Science and Technology Policy, and the Smithsonian Institution
(because of its extensive activities pertaining to the public understanding
of S&T issues) are among the specialized organizations that are clearly central
to the long-term S&T planning process. No single agency has all the charac-
teristics and capabilities required. Moreover, regardless of the final form or
location of the Forum, it will require congressional and executive support.
We have considered two possible approaches to organizing a National Forum.

Option r. The National Academies complex may be the best place to estab-
lish and administer a National Forum, with the active participation of many
other organizations. The Academies complex (including the National Academy
of Sciences, the National Academy of Engineering, the Institute of Medi-
cine, and the National Research Council) has a well-respected network of
science and technology leaders from academia, industry, and government,
proven support staff and operational capabilities, and an ability to obtain
and combine satisfactorily both public and private funding.

One of the great advantages of the Academies complex is that it is
an existing organization with many of the needed assets administration,
staff, and committee panel structure already in place. Furthermore, the
Academies complex has often played the type of catalyzing role envisioned
here. A four-year pilot operation might be conducted to determine the feasi-
bility of the forum concept; this would provide the experience for designing
an alternative organization if a different structure proved to be desirable.
A possible disadvantage of using the Academies complex is its image as an
S&T-focused organization with weak links to the non-S&T communities con-

e

c P



52 ENABLING THE FUTURE

cerned with national goals, although it has frequently engaged individuals
from those communities in carrying out its studies.

Option i. An alternative would require establishing de novo an indepen-
dent, nongovernmental organization. A new nongovernmental organization
would have the benefit (as well as the shortcoming) of operating iprlepen-
dently of an existing institution and could be custom-designed to carry out
the functions of the Forum. This arrangement would require developing new
administrative and program staffing capabilities, which would be more difficult
than building on those of an existing organization. As with the first option,
a four-year pilot program might be appropriate.

Deciding where to site the National Forum requires a judgment about
where, among a number of likely organizations outside government, three
critical requirements appear melt robust: (a) deep and well-tested analytical
resources, (b) ability to get and hold government's attention, and (c) demon-
strable Lapacity for integrated scientific, technological, , .id environmental
assessment.

Given these demanding requirements, we are strongly drawn to siting
the Forum process within the National Academy of Sciences complex.
Moreover, we prefer the Academy because it has demonstrated, in recent years,
striking flexibility and initiative in its organization and process. Among such
initiatives, four are notably related to the long-range goals agenda: the
GovernmentUniversityIndustry Research Roundtable; the Committee on
Science, Engineering, and Public Policy; the Mathematical Sciences Educa-
tion Board; and the Board on Science, Technology, and Economic Policy.
In sum, the Academies complex brings together strong research and analytic
capacity with responsible quality control practices plus the institutional ac-
countability deriving from the special governmental relationship stipulated
in its 1863 congressional charter. This convergence of organizational assets
appears well-suited to the difficult and complex task of tackling long-range
goals.

Although we believe that the Academies complex is best suited to
organize and launch the Forum process, we do not have in mind a closed
enterprise; nor, we are certain, would the Academies leadership put their
organization in such a position. There should be in a workable Forum "system"
much sharing of roles and functions with responsive institutional partners
for example, with an entity such as the National Science Board from time
to time, or with a cluster of policy studies centers located in university set-
tings, as well as with nongovernmental organizations with substantial and
contrasting informational and advocacy strengths and different perspectives.

Regardless of the organizational option chosen, we expect that funding
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for the Forum would eventually originate from a variety of public and pri-
vate sources. Furthermore, the activities of the National Forum should be
overseen by a Board of Directors. In the case of option r, the Board might
include the Presidents of the National Academy of Sciences, the National
Academy of Engineering, and the Institute of Medicine, and other national
leaders in the public policy arena. In the case of option 2., the Board of Directors
might include the President of the National Academy of Sciences, the Director
of the White House Office of Science and Technology Policy, a representa-
tive of Congress chosen by the congressional leadership (for example, the
Director of the Office of Technology Assessment), and the Secretary of the
Smithsonian Institution.

In either case, the Board of Directors would be responsible for select-
ing the members of the Forum's Council, a group made up of representa-
tives of a broad spectrum of our society appointed for fixed-length, rotating
terms. The Board should ensure that the Council is provided with the neces-
sary institutional facilities, financial management, personnel, and other ad-
ministrative backing to carry out the Forum's mission. We envision the Council
as the leadership organization for the Forum. The Council should meet reg-
ularly with the Board to report on its activities and to seek advice on future
activities. In addition, the Council should take full advantage of such Na-
tional Research Council groups as the GovernmentUniversityIndustry Re-
search Roundtable, the new Board on Science, Technology, and Economic
Policy, and the several international boards and committees that operate
through NRC sponsorship.

If the activities of the Forum are to be worthwhile, its products must
be welcomed and used by senior officials in the executive and legislative
branches of the federal government. To this end, it would be desirable to
establish ties directly with offices that would act as focal points for receiving,
requesting, and responding to the products of the Forum. In the executive
branch, we feel that OSTP and OMB should serve as focal points in the Ex-
ecutive Office of the President. The Forum should also maintain close con-
tact with individual executive branch agencies responsible for particular policy
issues.

In the legislative branch, we feel that the congressional committees
with major S&T responsibilities, such as the House Committee on Science,
Space, and Technology, the House Committee on Energy and Commerce,
and the Senate Committee on Commerce, Science, and Transportation, would
be the appropriate focal points. Ties with the budget committee and key
appropriations committees are also very important. The congressional sup-
port agencies, OTA in particular, should also play a direct role by under-
taking analyses, at the request of congressional committees, of the issues and
advice that the Forum generates.

rtA
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It would be highly desirable if, early in a new administration, the
Assistant to the President for Science and Technology and the leadership
of Congress or the chairmen of key committees requested that the Forum
undertake its activities. Alternatively, Congress could request or "authorize"
the Forum's activities through a concurrent resolution, a nonbinding indica-
tion of the opinion of Congress. In this way, the Forum would operate on
a four-year cycle, with a continuation of activities being contingent on fu-
ture requests or "authorizations" from the executive and legislative branches
of government. Recognition of this kind would help assure the utility of the
Forum's products.

We believe that initial funding for the Forum should be sought pri-
marily, although not exclusively, from private foundations. Once the Forum
process has proven itself, activities might be funded jointly by the federal
government and private foundations.

ROLE OF CONGRESS

Congress should devote more explicit attention to long-term S&T goals
in its budget, authorization, appropriation, and oversight procedures.
Congressional support is key to the long-term productivity of science and
technology. Budget, authorization, appropriation, and oversight procedures
are complex and highly decentralized, and there are opportunities to im-
prove the ways in which Congress addresses S&T issues. We have not, how-
ever, focused too closely on these opportunities. The Committee on Science,
Technology, and Congress of the Carnegie Commission will address these
issues in an upcoming report. 3'

We believe that one of the most effective ways for Congress to con-
sider S&T issues in the longer term would be for the House Committee on
Science, Space, and Technology, which has responsibility for cross-cutting
science policy considerations, to hold a series of hearings, on an annual or
biennial basis, on long-term goals for science and technology. The purpose
of these hearings would be to step back from the budget process and con-
sider science and technology from the long-term perspective. However, we
also believe that each legislative committee in the House and Senate with
jurisdiction over major segments of federal S&T activities should periodi-
cally, perhaps biennially, devote formal attention to questions of long-term
S&T goals in its area of responsibility.

Congressional committees could ask the appropriate federal agencies
and a full spectrum of responsible nongovernmental interests, including the
proposed National Forum on Science and Technology Goals, for their views
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on long-term S&T goals. They could also hold hearings, and issue reports
embodying the committees' conclusions. Specifically, as the proposed Forum
matures and gains public confidence, the committees with significant respon-
sibility in S&T areas could serve as focal points for communication with the
Forum in the legislative branch.

These committees, along with leadership of the Senate and the House
of Representatives and supported analytically by OTA and the other support
agencies, may wish to develop mechanisms to use the Forum's output
throughout congressional S&T policymaking activities. This might include
ensuring that long-term goals as articulated by the Forum and other groups
are considered as the .arious congressional committees plan their hearings
and legislative agendas, and ensuring that critical science and technology
issues are taken into account when the leadership determines the legislative
agenda for each session of Congress.

ROLE OF THE CONGRESSIONAL SUPPORT AGENCIES

In order to provide Congress with the information, analysis, and advice
necessary to make policy decisions in this area, the Office of Technology
Assessment and other congressional support agencies should evaluate na-
tional efforts to establish and achieve long-term science and technology goals
in the context of societal goals. The support agencies should work with con-
gressional committees to consider what kinds of analyses of long-term S&T
goals would help inform their legislative agendas. OTA, in particular, should
apply its well-tested assessment process to the task of undertaking analyses,
convening expert panels, and monitoring progress in the establishment and
achievement of long-term S&T goals. The Congressional Budget Office (CBO),
although it has limited responsibilities for S&T policy, has considerable ex-
pertise in economic analysis, which is an essential part of establishing and
achieving long-term S&T goals. CBO should put its expertise to use in evalu-
ating economic considerations with respect to long-range science and tech-
nology policy. 51

More specifically, we believe that CBO and OTA should establish
an ongoing coordinated activity designed to combine their strengths in ana-
lyzing economics and science and technology, respectively, in order to evaluate
goals and budget priorities for science and technology. Furthermore, because
we believe that interactive linkages are the key to solving complicated prob-
lems, we suggest that OTA, with the cooperation of the other congressional
support agencies, assist congressional committees and the congressional leader-
ship in reviewing and analyzing the products of the Forum.
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ROLE OF OSTP AND OMB

The Office of Science and Technology Policy and the Office of Manage-
ment and Budget within the Executive Office of the President should actively
contribute to the establishment of federal science and technology goals and
should monitor the progress of departments and agencies in attaining these
goals. Establishing long-term goals and communicating them to the federal
agencies is a process that must be conducted separately from the annual budget
process. With a goal in mind, the agencies can create a budget that balances
their vision of the future with the realities and constraints of the present.

OSTP and OMB should communicate long-term S&T goals to depart-
ments and agencies before the beginning of the budget cycle each year. In
addition, both OSTP and OMB should work with these departments and
agencies throughout their budget planning processes to assure that long-
term S&T goals are considered and advanced in their internal policy-planning

activities.
OSTP should also monitor the progress of federal programs in

achieving long-term S&T goals and report its findings to the President and
Congress. In particular, OSTP should function as one liaison point between
the National Forum and the Executive Branch. With OSTP leadership, the
Federal Coordinating Council on Science, Engineering, and Technology
(FCCSET) should extend its promising efforts in shaping long-term S&T goals
involving more than one federal agency. Furthermore, the President's Council
of Advisors for Science and Technology (PCAST) should play a more exten-
sive role in guiding the goal-setting process within the Executive Office.

Efforts to monitor the success of government programs can be greatly
aided by the establishment of specific goals. Legislation is pending in Con-
gress that would require federal departments and agencies to establish a "per-
formance standards and goals plan" for major budget expenditure catego-
ries. A key element of these plans would be performance indicators that could
be used to track progress in achieving goals. 3

ROLE OF THE FEDERAL DEPARTMENTS AND AGENCIES

Federal departments and agencies should enhance their policymaking
efforts, integrating considerations of long-term science and technology goals
into annual budgeting and planning efforts. Federal agencies should en-
hance their strategic planning capabilities and develop explicit long-term
S&T goals in the context of broader national goals established by Congress
and the President. In order to do this, open communication and coopera-
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tion among the senior R&D administrators of departments and agencies
should be encouraged. These individuals should meet periodically to discuss
longer-term objectives and ways in which their work might contribute to
or compete with broader goals and stated policies. Furthermore, federal
agencies should be required to present publicly each year an analysis of how
their planned activities relate to their long-range S&T programs. Resources
to support the achievement of these goals should be incorporated into annual
budget plans.

In addition, we recommend that federal agencies support extramural
policy studies that can aid in developing and evaluating long-term S&T goals.
The National Science Foundation (NSF) should develop and monitor indi-
cators of the health and productivity of the science and technology enter-
prise and its contributions to societal goals. NSF should expand its competi-
tive grants program in science and technology policymaking and work to
involve scientists and engineers in the S&T goal-settingprocess. NSF, in con-
junction with OSTP and other federal agencies, should establish continuing
programs to develop the information base necessary to monitor progress in
achieving long-term S&T goals. Furthermore, the National Science Board
should assume greater responsibility for devising approaches to long-term
goal-setting with respect to the S&T base. We note that the National Science
Board has the authority to establish special commissions and committees
to focus on specific policy questions.34 The Board could periodically con-
vene such panels to examine, for example, the long-term directions of cer-
tain scientific disciplines.
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At the beginning of this report we said that America faces a choice between
business-as-usual in science and technology policy and a new approach that
would place more emphasis on long-term S&T goals and on clarifying the
linkages between the S&T enterprise and societal goals. We believe that this
choice is especially critical because of the historic opportunities our nation
has been presented with, both by the end of the Cold War and by the dra-
matic developments in U.S. technology that could, if properly managed,
revolutionize so many aspects of our society.

MAKING BE 1"1 ER CHOICES

We believe that implementation of our recommendations will help America
make better choices and move toward a new age of vitality and leadership

6
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in the world community. We are well aware that even if these recommenda-
tions are adopted, success will not come easily. The United States faces a
host of pressing issues tied to science and technology. Some relate to our
domestic economic performance and to international competitiveness: How
can the nation modernize its industrial infrastructure? Can and should we
maintain the strong position we hold in certain key high-technology indus-
tries and also reclaim a strong position in others? Some issues have come
to the fore because of the end of the Cold War: How can funds for defense
R&D be shifted to civilian R&D? Can some of the weapons-related R&D
activities of the Department of Energy's national laboratories be shifted to
support other priorities, such as environmental technology development?

Still other pressing issues, which have received less public attention,
concern the S&T base: How can we improve math and science instruction
in our schools? Are we producing the right mix of scientists and engineers?
How can we replace aging research facilities?

Other issues have been developing slowly but are becoming more
urgent: balancing environmental concerns with the search for cheaper energy,
controlling the costs of high-technology medicine, dealing with global
climate change, confronting the telecommunications revolution. Too often
in the past the goal-setting process seemed to stop once a goal had been
agreed upon. The result has been that competing short-term political and
economic interests have sidetracked or distorted agreed-upon objectives. Effec-
tive goal-setting requires that policymakers continue to work to achieve and
maintain support for a goal over time, monitoring developments to ensure
that progress continues toward the goal.

PERSISTENT CHALLENGES

While the recommendations made here should help the United States seize
a historic opportunity and deal with pressing issues, they will not solve all
of our science and technology policymaking problems. In particular, we see
three areas that will present persistent challenges.

COMPETITION FOR FEDERAL FUNDS

The first challenge grows out of the continuing competition for federal funds
for S&T. Because of this competition, we can expect that scientists within
specific disciplines will contend with each other for resources and that they
will appeal to long-range societal needs to win greater funding. Consider

6
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biology, for example. Supporters of the human genome project believe that
sequencing the human genome will serve key societal goals related to quality
of life, health, human development, and knowledge. In particular, they feel
that the sequence would create a complete library of information that biolo-
gists could search as they strive to understand human gene expression; and
the sequenced genome would enable researchers to understand the mecha-
nisms underlying genetic diseases, eventually allowing the development of
therapies to treat them. Other biologists appeal to similar societal goals, but
argue that sequencing the human genome would take resources from other
research activities. Some argue that human health and well-being would be
better served by devoting more resources to understanding fundamental
developmental biological processes, or to cataloguing biodiversity, or to more
research on epidemic diseases, especially AIDS or cancer. This kind of de-
bate is sure to recur elsewhere.

There will be similar conflicts between the sciences, with each side
appealing to a societal goal, often th." same goal, in an effort to secure scarce
resources. For example, recapturing America's economic leadership is a goal
most Americans would agree is especially important. Biologists have argued
that biotechnology is one key to restoring American competitiveness. It is
clearly a growing field and one in which the United States is a leader. Physi-
cists and electrical engineers, on the other hand, argue that the United States
should not overlook superconductivity, another highly promising area. Un-
less government and industry devote resources to developing this field, it
is argued, we may lose out once again to foreign competitors. Clearly, different
scientific disciplines may have equally valid claims on a particular societal
goal, while having to compete for limited resources.

CHOOSING BETWEEN GOALS

The second area where problems are sure to persist involves choosing be-
tween goals. While this is outside the scope of this report, it is clear that
in order to achieve long-term S&T goals the public and their elected represen-
tatives will have to decide which societal goals are most important. Some-
times science and technology policy can help society only if the public is
willing to make a tough choice, supporting one goal over another. Some
political observers have argued that Americans have in recent years become
unwilling to make these kinds of choices. They trace the deadlock over the
federal budget, for example, to the public's desire to have lower taxes and
larger entitlement programs. An unwillingness to choose between societal
goals will clearly make it difficult to choose between long-range S&T goals
that are linked to societal aspirations.
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PUBLIC ENTHUSIASMS

The third area of continuing problems is the sudden swing in public enthu-
siasm for specific goals. For example, the oil shortages of the 197os placed
energy efficiency and alternative fuels high on the list of societal goals. Re-
sources flowed into solar power, oil shale, geothermal energy, and other al-
ternative energy sources. But public concern declined rapidly during the 198os,
and resources for alternative fuels began to shrink. Sudden swings of en-
thusiasm and commitment make it difficult for S&T to support national ob-
jectives effectively.

A SHARED BURDEN

All major institutions in the science and technology communities share the
burden of ensuring long-term progress in their fields, and they should work
together to achieve broad societal objectives. As Albert Einstein said, "the
concern for man and his destiny must always be the chief interest of all tech-
nical effort: Never forget it among your diagrams and equations." In our
report, we have sought to highlight the importance of linking the "diagrams
and equations" developed by scientists and engineers more closely with the
aspirations of the public for health, prosperity, and security in an effort to
help our nation enable its own future.

k)
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